Land-use change has been an increasing concern in most of Europe. While stakeholder's strategies of coping with land-use change have been constrained mainly due to socioeconomic pressures, the natural landscape and fragile ecosystems are often harmed due to infrastructure and urbanization development. However, over the last 30 years, public regulations have become more explicit regarding environmental impacts at the regional level. The spatial assessment of ongoing rural and urban policies has led in the case of Portugal to concerns about the consequences of sustainable development in the context of existing legislation. A good example of this is the agricultural land loss that has occurred in Portugal over the last 30 years, in large part resulting from socio-economic pressures with which policy makers have not been able to handle. The Reserva Agrícola Nacional (RAN) -translated as the National Agricultural Reserveis an instrument for planning purposes that aims to identify and protect areas suitable for agricultural activities due do their favorable morphological, climatic and social characteristics. The RAN has changed its legal status more than four times in the last 20 years. These changes have mainly been influenced by the policies of regional development for the region. However, the ability to defend the interests of agricultural and rural communities in fragile ecosystems has been largely compromised as a result of socio-economic interactions brought about by the pressures of economic growth. The spatio-temporal analysis of current land loss and geo-statistical investigation are suitable tools to understand the dynamics of change. The spatial properties of data inventories from the RAN and the CORINE Land Cover project enables the assessment of the changes within the policy context of the Algarve. An integrated assessment of agricultural land loss compared with urban growth parameters and population density is developed to generate a rich laboratory of spatio-temporal analysis of the carrying capacity of the regional/rural environment. By undertaking a spatial analysis of the appropriation of agricultural land for urban use with overlay of population and urban data, a focus on the consequences of certain regulations on the dynamics of land-use change becomes possible. This paper aims: to further expand on the currently existing decrees which provide support to sustainable development in the region; to provide a qualitative assessment of future roles based on ethical values and economic efficiency; and to offer a feasible framework for policy makers regarding the trends of urban/agricultural dichotomy.
Introduction
Environmental regulation is one of the most fundamental aspects for competitiveness, making it possible: reduce cost for industry and business; generate new markets for environmental goods and services; create jobs; and protect and sustain natural resources to avoid scarcity (Network of Heads of European Environment Protection Agencies, 2005) . That said, environmental law which encompasses the Environmental law system may be defined as "an organized way of using all of the laws in our legal system to minimize, prevent, punish, or remedy the consequences of actions which damage or threaten the environment, public health, and safety. (p. 4)" (Steinway, 2007) . However, from a strictly anthropocentric perspective, the very core of legislation of environmental issues is overshadowed by the interests of economic growth. The importance of seeing sustainable development as an interconnected reality, where there should be a fair distribution of resources and in which irreversible options must be handled with care (Gladwin et al., 1995) is often forgotten. Thus, environmental regulation is often infringed as a result of economic factors, making efficient regulation am area of dispute between the paradigm of growth and sustainability. This has especially been witnessed in recent decades, where environmental deterioration and increasing economic growth have brought scarcity to certain ecological sectors, such as agriculture and have led to increasing asymmetries.
Attempting to "minimize the consequences on environment" (Steinway, 2007 ) becomes a very difficult task, calling for regional decrees which legislate and articulate the policies of sustainable development and environmental change, notwithstanding the paradigm of socio-economic growth. These decrees are, however, often restructured and reorganized to fit the current aspects of environmental degradation, and, as a consequence, they lack a stable and continuous monitoring of sustainability. Environmental degradation caused by human pressure has been observed in different regions of the world. In Europe, where, in general, strong legislation and a good legal system prevails, urban sprawl has been an inevitable. As a result of population increase and socio-economic growth, there has been significant land abandonment, especially in regions with a higher demand for tertiary sector activities. Environmental regulation, however, has not been able to solve this problem, and, taking as an example the Algarve in Portugal, such pressures have directly been responsible for the destruction of fragile ecosystems, loss of agricultural land, and coastal vulnerability. Coastal regions share a twofold problem for policy making: as a socio-economic system, they are located in highly productive regions which are far too complex to allow a linear analysis for policy making (EEA, 2006) . On the other hand, the productive cycle of such areas relies heavily on ecosystems functionality which may jeopardize by excessive exploitation of goods and services. From a historical perspective, coastal areas have been the cradle for panoply of resources such as agriculture, leading to settlement patterns which have encouraged regional prosperity. Their unique landscape combines often moderate temperatures with a historico-cultural character which has also led to the development of tourist industries in such areas (Vaz and Nijkamp, 2009 ).
However, excessive growth leads to the deterioration of coastal areas, compromising the resilience of such regions. In the long run, the ecosystem services of littoral regions must be carefully planned so as not to harm the fragile ecological habitats in such areas (Costanza et al., 1997) . The issue becomes one of the resilience of the environmental carrying capacity to support the demand for economic growth. While, for example, tourism may be a beneficial activity to some extent (Lacitignola et al., 2007) , bringing jobs to certain coastal areas, the counterpart is rapid land deterioration as a result of seasonal population pressure (Kruger, 2005) . The synergetic relation between economic growth and sustainable development is a very complex one, as the effects of socioeconomic growth influence the system (or region) in a non-linear way. The dynamics of non-linear complex systems are very difficult to handle, making it necessary for legislation to be multidimensional. However, such environmental legislation has less influence on decision making, while narrowly focused environmental laws have a greater impact (Ruhl, 1999) , as their area of application is more precise. Spatial analysis has been largely motivated by different scientific disciplines, such as geography, statistics, economics and mathematics. The analysis of complex systems (although a consensus is still lacking regarding their definition), has enabled to create structural analysis to be made of the combined factors of economic, social, and natural drivers (see Newman, 2005) . One of the main advantages of complex systems analysis resides in the possibility of to have an integrated approach to understanding the global consequences of interactions (Taylor, 2005) . The availability of spatial information and higher spatial resolution georeferenced economic, social, and environmental strata allows a much more coherent approach to integrated analysis: social, economic, and environmental phenomena happen in a specific space and time (Ryan, 2011) . By combining different factors from heterogeneous variables that exist within a territorial unit over time, it becomes possible to find a coherent explanation of the key drivers for environmental change through spatial metrics, leading to a better approximation of sustainable development (Uuemaa et al., 2012) . The cross-linkage of policy decisions implies a direct impact on land use and on territorial management (Morari et al., 2004) . Spatial information and complex systems may, if combined correctly, create acceptable approaches to land-use change, and provide support in identifying the key drivers for certain land-use changes. This information permits a much more accurate approach to decision making and for understanding the relevant constraints that affect sustainable development (Nijkamp and Scholten, 1993) .
The Study Area
The Algarve is the southern-most region of Portugal and has a unique ecological landscape, which forms a part of the continental network of conservation habitats, defined under the European Union Directives: 79/409/CEE and 92/43/CEE.
In terms of its geomorphology of the Algarve may be divided into three different areas:
the Interior, the Barrocal, and the Litoral, but there is a significant asymmetry between the Interior (located at the north of the region) and the Litoral (the coastal areas of the Algarve). Figure 1 represents the geographical region of the Algarve and within it the land which is part of NATURA 2000 network. However, the increasing asymmetries between population escalations in the south of the Algarve compared with decline in the north, are jeopardizing the important ecosystems (Vaz et al., 2012) and putting at risk the development agenda of rural areas. While agricultural activity has been high in the Barrocal, which mostly in carob production, and in the Interior, where there is sheep herding and other agro-pastoral activities (Assunção, 1989) , the Litoral has largely lost its agricultural sector to the exploration of tourism activities. Since the 1960s, the increase of tourism brought about by low-cost flights throughout Europe has been seen as an opportunity for economic growth and prosperity for the region. The creation of amenities and infrastructures to support a massive tourism industry has changed the activities of the primary sector to those of the tertiary sector, focusing predominantly on the service sector related to tourism. The development of the tourist industry has provided better job opportunities, attracting a massive concentration of population in the Algarve, contributing directly to coastal population increase. Figure 2 shows the trend of population growth tendency since mid XVII century. Algarve create a great variation in densities which is exacerbated during the summer months when its population triples clustering in the areas of tertiary sectors. Figure 3 shows the population density per parish, clearly reflecting the pattern of clusters along the coastal areas and lower densities in the interior. The areas with the highest population density can be seen in the surroundings of Faro, the district capital of the Algarve, and in the areas of Albufeira, Portimão and Vila Real de Santo António.
Data and Methodology
This study is centred on the changes in the extent of Portuguese agricultural land since the end of the 1990s until the present. The depletion of the Algarve's rural areas in recent decades is accelerating and may lead to scarcity in the region. Loss of natural habitats and biodiversity are an increasing concern for regional policy makers, and are widely recognized in the Municipal Plans of the Algarve (Petrov et al., 2009 ).
Methodologically, the main objective of this study is to create comparable spatial data sets derived from land-use maps regarding urban land use and cross-link these with the loss of agricultural land by appropriation for urban use in the municipalities of the Algarve. Thus, this study proposes a land-use accounting methodology which involves studying population density dynamics and urban growth variations for similar time frames. This accounting methodology allows the main driver for agricultural land loss to be identified i.e. it considers whether urban growth may be considered as a significant driver for loss of rural areas, or, on the other hand, systemic population decrease in rural areas might be a key driver of agricultural land appropriation resulting in rural land abandonment, a common concern for the European Union quantitative support from spatial data, enables a better understanding of the dynamics of sustainable development, considering that urban growth is an inevitable reality, but that the need for sustainable cities must also be taken into account. Although all municipalities registered significant increase over the 15 years of study, a clear increase in urban sprawl has been verified in Castro Marim, Alcoutim and Silves.
Curiously, these areas have had a long tradition in the agricultural sector in the Algarve, and have been subjected quite rapidly to urban growth. A further analysis of population density patterns in the Algarve, which also reflects this increase, may be a direct result of competitive prices for construction, as well as of existing road-networks that allow communication to important cities such as Faro, Portimão and Albufeira.
Conclusions
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A comparative analysis of existing land-use patterns regarding the appropriation, that is, It is likely that spatial information will have an important role in creating synergy within this Commission, allowing more interactive and more soundly-based decision making. 
